Abstract. We modeled the water resources carrying capacity with a catastrophe progression method based on catastrophe theory while considering the supply and demand for water resources, the economy, the ecological environment and society. Then, we applied the model to study the water resources carrying capacity of Jilin Province from 2009 to 2015. The results showed that the water resources carrying capacity of Jilin Province is at the "middle" level. A certain development and utilization potential is present, but it must be strictly controlled and moderately developed. The amount of water resources in Jilin Province varies greatly by year and must be adjusted via water conservation facilities and long-term management policies. The catastrophe progression method can effectively avoid the effects of subjective weight on the results; the result is clear, and it can streamline the index system. This approach provides a new method for the evaluation of the water resources carrying capacity.
Introduction
Water is an irreplaceable natural resource that plays an important role in socioeconomic development and human progress. Water shortages frequently occur in China, and a serious problem of the uneven distribution of water in time and space exists, so water resources have become an important factor restricting sustainable socioeconomic development in China [1] . Therefore, it is very important to correctly evaluate the water resources carrying capacity of an area.
The water resources carrying capacity refers to the maximum water supply for the work and life of the population, ecological environmental protection and other water use habits as governed by the local socioeconomic conditions of production and the technology available [2] . At present, research on the evaluation of the water resources carrying capacity mainly focuses on the following three aspects: urban research, regional studies, and watershed research. The more commonly used methods include a fuzzy comprehensive evaluation method [3] , principal component analysis [4] , and set pair analysis [5] . Because the factors that affect the water resources carrying capacity are mostly ambiguous and non-linear, difficulties are encountered if accurate quantification is desired. Some of the traditional methods mentioned above involve many assumptions specific to each application and result in a large impact on the uncertainty of the results. In recent years, the catastrophe progression method has gradually been demonstrated to have a unique advantage in the uncertainty calculation because it does not need to give weight to the indicator, which can reduce the impact of human subjectivity on the results.
Study Area
Jilin Province is located in the center of northeast China (east longitude 121°38'~131°19', north latitude 40°50'~46°19'). In 2015, the total water resources of Jilin Province were 29.5 billion cubic meters, and 1071.6 cubic meters per capita account for only 52.7% of the national average. In general, Jilin Province experiences moderate water shortages [6] .
Method
Catastrophe theory research describes the phenomena and general rules for qualitative changes of natural phenomena and the interruption of social activities. It takes a potential function f(x) as a research object and describes the system catastrophe via the state variable and the external control parameter f = f(x, A). The singular point set equation and the critical point equation of the system can be obtained separately by solving f′(x) and f′′(x), then variable x is eliminated by solving f′(x) and f ᇱᇱ (x), so we can obtain a system bifurcation set. Because the numerical units and values of the control variables are not uniform, it is necessary to derive a normalized formula from the bifurcation set. When the state variable is 1, the common catastrophe models are primarily of four types, as shown in Table 1 [7] . Table 1 . Catastrophe model behavior variation of one dimension.
Category

Dimension of control variables
Potential function Bifurcation set
Normalization formula
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The Construction of the Index System
The selection of indicators is based on the existing literature [2] , and the evaluation index system is shown in Table 2 . After the index system is established, we sort each index by its importance and refer to domestic and international evaluation criteria to do a progressive calculation. 
The Construction of the Catastrophe Model
A catastrophe model for the water resources carrying capacity evaluation can be established by combining the types of catastrophe models described above and the selected index system, as shown in Fig 1 . 
Data Preprocessing
In terms of the established index system, we develop the evaluation index grading standards of the water resources carrying capacity of Jilin Province, and it is divided into the following five levels: very weak, weak, middle, strong, very strong. All data are converted to a value between [0, 1]. The formula is as follows:
where i is the index, ‫ݔ‬ is the original value of i, ܺ ௫ and ܺ are the maximum and the minimum value of both i and the critical value, respectively. Equation (1) is for positive indices and Equation (2) is for negative indices [8] .
Normalized Calculation
We can determine the membership values of the factor level and the destination level according to the normalization formula in Table 1 , and the grading standards of the indicators is obtained as shown in Table 3 . Comparing the membership values of destination level and Table 3 , we can obtain a water resources carrying capacity rating for Jilin Province. (2) Carrying capacity evaluation results of a single-system factor are shown in Fig 3. The social system carrying capacity shows the best performance, basically a steady rise. The focus of future work is to improve the residents' awareness of water conservation on this basis and increase the management of daily water use. The water supply and demand system ranks second for the overall capacity. The trend of the system is consistent with the change trend of the total water resources carrying capacity, but the overall system score is much lower than the destination level score mainly due to the shortage of per capita water resources in Jilin Province. In contrast to the evaluation results of social system, the overall carrying capacity of the economic system is poor and declines slightly every year, mainly because demand for water by the population is growing along with the improvement of living standards. If the carrying capacity of the economic system is to be maintained, the utilization of unit water resources and recycling water must be improved. The eco-environment system shows the worst performance, mainly because of the ecological water consumption rate and the integrated pollution index. The ecological water consumption in 2015 is as high as 5.4%, which far exceeds the national average of 2%. The following two solutions should be implemented: First, protection of the ecological environment should be strengthened to increase the self-production capacity of basic water resources. Second, the sewage treatment capacity should be improved by improving the purification methods, and untreated sewage discharged into the natural water should be strictly prohibited. 
Conclusion
The water resources carrying capacity in Jilin Province from 2009 to 2015 was evaluated using the catastrophe progression method. The results show that the water resources carrying capacity of Jilin Province is at the "middle" level, and it has gradually increased. However, with rapid economic and social development, the carrying capacity will gradually deteriorate, so the industrial structure must be adjusted and low water consumption industry must be vigorously developed. The interannual change in the water resources carrying capacity is large and shows obvious fluctuations, so water conservancy construction must be vigorously pursued. At present, the urgent task of water resources construction is to improve the unit water use efficiency and maintain the health of the ecological environment. This study shows that it is reasonable to use the catastrophe progression method to evaluate the water resources carrying capacity. The advantages of a catastrophe progression method to evaluate the water resources carrying capacity are obvious because there is no need to calculate the weight, and the subjectivity of human rights can be avoided as much as possible. We believe that the catastrophe progression method will be applied to a wider range of areas in the future.
